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A crude water-soluble polysaccharide was isolated from fruit body of Phellinus 

merrillii. The polysaccharide was a brown powder (yield ca. 50 mg-100g). When 

subjected to the RAMAN and FT-IR spectroscopy, both these techniques 

revealed that the polysaccharide has β-D-glucan structure. The FT-IR further 

revealed pyranose being β-D-galactose. Fractions of proteins were also detected 

confirming the polysaccharide being protein bound polysaccharide. Traces of 

organic germanium and selenium complexes were also detected.     
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INTRODUCTION 

History has witnessed the contribution of mushroom 

towards the human life as a valuable source of food 

and medicine (Wasser, 2002). Number of bioactive 

compounds have been isolated and identified in 

many mushroom species. Amongst these bioactive 

compounds polysaccharides have attracted an 

attention due to the many health benefits they have 

demonstrated, such as immunomodulation, 

anticancer activity, prevention and treatment of 

cardiovascular diseases, antiviral and antimicrobial 

effects, among others (Villares et al., 2012). 

Mushroom polysaccharides are present mostly as 

glucans with different types of glycosidic linkages, 

such as (1→3) -β-glucans, (1→6)-β-glucans, (1→3)-

α-glucans and (1→6)-α-glucans, however some are 

true heteroglycans (Wasser, 2002). The functioning 

and biological activity has been attributed mainly to 

β –glucans. Many of the research attempted to relate 

the therapeutic activity of polysaccharide to 

structural component (Gonzaga et al., 2013). It was 

observed that structural features such as β-(1→3) 

linkages in the main chain of the glucan and 

additional β-(1→6) branch points are desirable for 

antitumor action. It is reported that β-glucans 

containing mainly (1→6) linkages have less activity 

compare to β-(1→3). Similarly, high molecular 

weight glucans appear to be more effective than 

those of low molecular weight (Wasser, 2002). 

Pheliinus merrillii (Murr.) Ryv. is popularly 

used as a medicinal mushroom by the locals of 

Western Ghats of Maharashtra. The mushroom is 

popularly known as ‘phansomba’ and used by the 

tribles to cure disorders associated with lips, tongue 

and teeth, against stomatitis and excessive salivation 

in case of children (Vaidya and Lamrood, 2000). 

Furthermore, Bhonde et al. (2002) demonstrated in 

vitro anticancer activity of water and 50% ethanol 

extract of Ph. merrilli against SiHA cell lines. 

The main aim of this research was to estimate the 

content and to examine chemical composition of 

crude water-soluble polysaccharide (CWP).
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Various spectrophotometric techniques such 

as Infrared spectroscopy and chromatography are 

used for characterization have been applied for the 

characterization of mushroom samples and most of 

these techniques can be adapted as routine analytical 

procedure for bulk sample. Each of these techniques 

has its advantages and disadvantages. For in situ 

characterization of these samples, however, 

RAMAN scattering is most promising technique 

currently available in the field of characterization. 

While infrared measurement can provide a wealth of 

information, their sensitivity is not high and 

substantial efforts may be needed to extract 

unambiguous information about polysaccharide 

samples. In comparison, Raman spectroscopy (RS) 

has following advantages being popular 

nondestructive, reasonably rapid tool for structural/ 

compositional characterization of crystalline, non-

crystalline and amorphous material; sample 

preparation in many cases is often simpler for RS 

than infrared and required very less amount of 

sample, even 1µg is sufficient; can provide higher 

sensitivity with comparable selectivity and chemical 

separation; RS is usually capable of covering lower 

wave numbers than IR spectrometer extending down 

to 100 cm-1 while most IR stops at 200cm-1; RS is 

equally useful for any state of matter such as gas, 

solid and liquid and can identify any type of 

inorganic, organic and biochemical species; most 

organic and inorganic molecules are Raman active 

and detectable (Harpale et al., 2006).                

Fourier-transform infrared (FT-IR) 

spectroscopy is an analytical technique which is 

rapid, require less reagent and perform high-

throughput analysis ofc a diverse range of samples. 

It has an ability to perform rapid and simultaneous 

characterization of different functional groups e.g. 

lipids, proteins, nucleic acids and polysaccharides in 

biological molecules and complex structures. FTIR 

spectroscopy is also used in the food industry for 

quality control and process monitoring; because it is 

less expensive, has better performance and is easier 

to use than other methods (O’Gorman et al., 2010).  

 

MATERIALS AND METHODS 

Crude water-soluble polysaccharide (CWP) from the 

powdered fruit body was isolated as per the method 

given in Smith et al. (2002), Radzki and Kalbarczyk 

(2010). One hundred grams of powdered fruit body 

was first extracted in 80% ethanol overnight and then 

boiled in same solution to remove low molecular 

substances. The ethanol extract was removed by 

centrifugation and insoluble residue was suspended 

in distilled water. Water extraction of 

polysaccharides was conducted on water bath for 

three hours in 100°C. The obtained slurry was cooled 

and centrifuged. Supernatant contained water 

soluble polysaccharides. The supernatant was 

measured and then, 96% ethanol was added (1:4 v/v) 

drop wise in a cold condition with continuous 

shaking to precipitate the water-soluble 

polysaccharide. The solution was finally mixed 

vigorously and kept at 4ºC overnight.  The 

precipitates were collected by centrifugation (6000 × 

g), washed in acetone twice, centrifuged and dried to 

constant mass. This served as crude polysaccharide 

sample for further investigation. 

Raman spectra was obtained on i-RAMAN 

(Model BWS415-785H, BWTEK, Inc., 19 Shea 

Way, Newark, DE – 19713, Spectral range 175 to 

2700 cm-1, Laser Power <30 mw, resolution 3 to 912 

nm.) at 90000 ms, laser power level 40mw. Fourier 

Transformed Infrared (FT-IR) spectra were obtained 

in range of 4000-400 cm-1using a Shimadzu 

equipment IRAffinity-1 (Shimadzu, Japan). Samples 

were prepared in KBr pellets and subjected to scan 

at 2cm-1. Assignments of RAMAN and FT-IR group 

frequencies were done using McCreery, 2000; Fayer, 

2001; Hans-Ulrich, 2001; Mohaček-Grošev et al., 

2001; Ferraro et al., 2003; Mayo et al., 2003; 

Socrates, 2004; Smith et al., 2005; Ru et al., 2009; 

Schlucker, 2011; Gonzaga et al., 2013. 

 

RESULTS AND DISCUSSION 

The CWP was a brown powder and the amount 

obtained was 50±0.1 mg-100mg.This CWP was 

subjected to further analysis. Two spectroscopy 

techniques such as RAMAN and FT-IR 

spectroscopy were employed. The Assignments of 

the RAMAN and FT-IR frequencies of crude 

polysaccharide are represented in table 1 & table 2. 

Whereas, the obtained spectra depicted in in Fig. 1 & 

Fig 2.  

RAMAN Spectra:  

RAMAN spectra showed 32 peaks in the range 783 

– 1002 cm-1. Our spectra showed presence of β-

glycosidic linkage at 881cm-1 which is in agreement 

with Moharram et al., 2008. We also found presence 

of organic germanium complex at 820cm-1 and 

selenium complexes at 890, 941 and 995 cm-1 

respectively. Presence of Germanium and Selenium 

was previously reported by Lamrood and Mungikar 

(2007) in the fruitbody of Ph. merrillii.   
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Table 1 Assignments of the RAMAN frequencies of crude polysaccharide 

 

  Wavelength (cm-1) Assignments 

783 -CH2- 

785 Eto-(Ether) 

791 

816 Branched Alkanes 

820 Ge-CH3 

828 Branched alkanes 

839 Primary alkyl sulphate salts 

842 

854 -O-CH3 

857 CCCC 

867 -(RO)2PCH3 

873 >C=C=CH2 

881 β-glycosidic linkage 

890 Selenones R2SeO2  

 

894 R2N-CH2C≡C-N  

901 Straight chain alkanes 

906 Vinyl hydrocarbon compounds –CH=CH2 

910 CCCC 

912 Cyclic ethers (five membered ring) 

939 P-N(C2H5)2 

941 diselenocarbonates  

RO-CSeSeCH2COOH and RS-CSeSeCH2COOH  

966 (C-C and C-O stretching 

vibrations in pyranoid rings) + Vinyl ethers –O-CH=CH2  

967 (C-C and C-O stretching 

vibrations in pyranoid rings) + CH2=CHCOOR 

970  -COOH (dimer)  

972 >Si-CH=CH2 

975 N-monosubstituted sulphonamides 

982 (Sat.)-CH=CH2 

985 Cyclopropyl compounds 

995 Coordinated carbon diselenide  

e.g. (Phosphine)2PtCSe 

998 >N-NO2 

1000 Isopropyl group  

1002 Pyrimidine 
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Table 2 Assignments of the FTIR frequencies of crude polysaccharide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 1: RAMAN Spectra  
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Wavelength (cm-1) Assignments 

406-474 Amorphous Silicates 

505 Aldehyde 

516-713 Chloroalkanes 

862 β-D-Galactose  

1033-1039 β-Glucan 

1408  (COO-) 

1419 Alkane monosubstitutes (Vinyl) 

1586 C=C (aromatic) 

2854 =C-H- 

2924 (~2929) -CH- stretching (pyranose ring) 

2958 CH3 

3194 N-H stretching 

3282 Amide A (NH-stretching) 

3402 N-H stretching vibration 

3448 Amide N-H stretch 
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Fig 2: FT-IR spectra of water soluble polysaccharide of Ph. Merrillii 

 

In addition to other groups, isopropyl group was 

detected at 1000cm-1. It was reported that isopropyl 

formate is found in alcoholic beverages as well as it 

is a constituent of coffee, plum brandy, various 

mushrooms and dwarf quince [Chaenomeles 

japonica (Thunb.) Lindl. ex Spach]. 

 

[https://pubchem.ncbi.nlm.nih.gov/compound/isopr

opyl_formate#section=Top (accessed 28 April 

2017)]. Β-glycosidic linkage was found at 881 cm-1 

confirming presence of a polysaccharide. 

FT-IR Spectra: 

During the investigation, FT-IR analysis of 

polysaccharide and β-D-glucan of yeast was used as 

reference (Jantaramanant et al., 2014). The peaks, 

for example, in the range of 950 – 1200cm-1 indicate 

presence of polysaccharide. While, the peaks at 1150 

– 1160 cm-1 indicate stretching of glycosidic bond. 

Furthermore, other peaks at 1376, 1317, 1162, 1100, 

1080, 1040 and 990 cm-1 indicate presence of β-D 

glucan. In addition to sugars, peaks around 1590 and 

1643cm-1 represent vibration of proteins 

(Jantaramanant et al., 2014). 

Our analysis shows a peak between 1033-1039cm-1 

indicating presence of β-D glucan. Similarly, peak at 

862cm-1 confirm presence of β-D-Galactose which in 

the agreement with Chai (2015).  

Chen et al. (2014) reported that peaks at 1661 and 

1629 cm-1 combined with peak at 1565 cm-1 indicate 

secondary amide group (-CO-NH-C) due to presence 

of large amount of chitin and was consistent for 

glucan-chitin complex in fruitbody of Pleurotus 

tuber-regium (Rumph. ex Fr.) Singer. 

Radzki and Kalbarczyk (2010) and Moharram et al. 

(2008) reported presence of amide I at 1640cm-1 and 

1652 cm-1 respectively. And amide II at 1530cm-1 by 

Radzki and Kalbarczyk (2010) due to covalently 

bound proteins to proteins in water soluble 

polysaccharide of edible mushrooms Lentinula 

edodes (Berk.) Pegler, Pleurotus ostreatus (Jacq. ex 

FR.) P. Kumm. and Agaricus blazei Murrill. Amide 

II bond was due to bending vibrations of N-H group. 

 

https://pubchem.ncbi.nlm.nih.gov/compound/isopropyl_formate#section=Top
https://pubchem.ncbi.nlm.nih.gov/compound/isopropyl_formate#section=Top
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In our analysis, however, the peaks for N-H 

stretching vibration was found between 3194 – 3448 

cm-1 (Abdelwahab et al., 2011). Whereas, Amide A 

(N-H stretching) was found at 3282 cm-1 

(Antoniosavio et al., 2012) and Amide N-H stretch 

at 3448 cm-1 respectively; indicating presence of 

polysaccharide bound proteins. In our analysis the 

peak for amide group was found at a higher 

frequency than aforementioned peaks for edible 

mushrooms. Such change in the frequency in Ph. 

merrillii might be attributed to the nature of fruit 

body, geographic location, taxonomic ranking etc. 

Further comparative study on other species of 

Phellinus as well as other polyporoid or agaricoid 

fungi would be helpful.  

Conclusion: 

Water soluble crude polysaccharide was isolated 

from the fruit body of a medicinal mushroom Ph. 

merrillii. The yield of crude polysaccharide was ca. 

50 mg-100gm. Both FT-IR and RAMAN spectroscopy 

showed characteristic bands illustrating presence of 

polysaccharides and proteins. Presence of β-D-

glucan was evident from both the spectra and the 

pyranose being β-D-Galactose units. Traces of 

protein also confirmed the polysaccharide being 

protein bound polysaccharide. Traces of germanium 

and selenium complexes were also noted.   
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